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doi:10.1016/j.ejvs.2008.11.015Abstract Objectives: To determine the incidence of popliteal vein compression in supine
patients, who are under general anaesthesia and using heel elevators.
Design: A prospective cohort study.
Methods: The popliteal veins of 50 patients, lying supine under general anaesthesia, were in-
sonated using duplex ultrasonography to determine the incidence of popliteal vein compres-
sion when the knees were flexed and extended.
Result: There was a statistically significant reduction in popliteal vein diameter in extension
compared with the diameter in flexion (median diameter: flexed 7.6 mm, extended 2.1 mm,
p < 0.001, Wilcoxon test). In extension, 43% of veins occluded, and a further 21% was
compressed by 50%. There was a significant relationship to body mass index (BMI) but not
to height, gender or age; all patients with BMI 30 displayed narrowing at least one vein by
50%. The relative risk of vein narrowing 50% or occlusion was 1.55 for BMI 25 versus
<25, and 1.67 for BMI 30 versus <25.
Conclusion: Knee hyperextension in supine patients during general anaesthesia leads to
popliteal vein compression or occlusion. The likelihood of compression increases with higher
BMIs.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Surgery is a major risk factor for heel pressure ulcers.
Previous studies have shown that 25% of these ulcers start
during surgery1,2 and 83% develop during the first 5 days of
hospitalisation.1,3 Accordingly, heel elevation (off loading)r, Level 2, No. 332 Crown St,
þ61 2 42269333; fax: þ61 2
nd.com (D.E. Huber).
ty for Vascular Surgery. Publisheis commonly used during surgical procedures under general
anaesthesia (GA) to reduce the risk of heel pressure ulcers
originating in the operating theatre.4
Heel elevation (e.g., using silicone blocks5,6) is likely
to cause knee hyperextension, with consequent popliteal
vein compression, and this may in turn increase the risk
of deep vein thrombosis (DVT). DVT is itself a widespread
health-care issue with an incidence of 1 in 1000 of the
general population7,8 and at least 7% in the perioperative
period.9 This observational study aimed to determine thed by Elsevier Ltd. All rights reserved.
Popliteal Vein Compression Under General Anaesthesia 465incidence of popliteal vein compression (defined as
diameter reduction 50% or occlusion) in supine patients
who are under general anaesthesia and using heel
elevators to avoid heel ulcers.Frequency distribution of internal
diameters for all legs
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Figure 1 The frequency distribution of popliteal vein ID
(mm) for all patients.Methods
The study was approved by the Ethics Committee of the
South East Sydney and Illawarra Area Health Service and
Wollongong University. Fifty consecutive patients under-
going surgical treatment with general anaesthesia in
a supine position and who gave written informed consent
were included in this study. Limbs were excluded from
investigation in this study if previously undetected
pathology was present in the popliteal fossa. The presence
of a popliteal (Baker’s) cyst or haematoma, popliteal artery
aneurysm, anatomical anomaly of popliteal vein, popliteal
vein aneurysm or post-thrombotic damage to the vein may
have influenced the outcome and limbs with these abnor-
malities was not studied further. The following patient
information was recorded: gender, age, specific pathology,
smoking history and body mass index (BMI). These data are
provided in Appendix 1.
Duplex ultrasound was used to evaluate the incidence of
popliteal vein compression. It is considered to be the
investigation of choice for the lower limb venous
system,4,10 as it is non-invasive, real-time and highly
accurate for measurement of diameters. The popliteal
veins were examined using a Terason ultrasound system,
model 2000, version 3.7.7, with a 10L5-V probe (Terason
Ultrasound, Division of Teratech Corporation, Burlington,
MA, USA), or an Acuson Cyprus with a 7-MHz linear probe
(Siemens Medical Solutions USA, Inc., Malvern, PA, USA).
Three qualified specialist vascular ultrasound technicians
performed the studies e one of them is the author (D.H.).
Duplex ultrasound was also used to demonstrate the
factors that excluded limbs from the study (such as popli-
teal cysts, anatomical anomalies, etc.). Unilateral popliteal
cysts were found in three subjects, one patient had bilat-
eral popliteal cysts (and was excluded) and a further five
subjects had previously suffered severe trauma to one leg,
thus making the limb unsuitable for examination. There-
fore, 90 limbs were available for investigation. None of the
subjects suffered from DVT or had a history.
Following induction of GA (details of the anaesthetic
were not recorded), with the subject supine and the leg
abducted slightly from the operating table in order to gain
access, the popliteal fossa was investigated. The popliteal
vein of each limb was interrogated from the adductor
hiatus to its distal end, approximately 10 cm, and the
narrowest diameter was used for the study. The initial scan
was with the knee flexed 5e10 using the level of the knee
crease as the initial landmark.11 The scan was then
repeated with the supported heel, the unsupported knee
and the foot allowed to rotate externally. The internal
diameter (ID) of the popliteal vein was measured three
times in both the flexed and extended positions, and the
average of the three measurements was used for evalua-
tion. These observations were performed only at the
beginning of the operation. It is possible that the size of the
veins changed during the operation.Statistical analysis
To ensure the recruitment of an appropriate number of
patients, a simple power calculation was used assuming
a 95% likelihood of detecting a 10% decrease in the popli-
teal vein diameter, with aZ 0.05. This estimate was based
on a previous study by Leon et al., measuring popliteal
compression in awake, seated subjects,12 and resulted in
a sample size of 90 limbs. The difference in diameter
observed was much larger than estimated and could have
permitted a smaller number of limbs to be studied.
Results were analysed using Microsoft Excel 2003, with
add-ins statistiXL and Analys-it. According to the central
limit theorem, a sample size of 90 is large enough to ensure
that the behaviour of the sample mean is approximately
normal. Nonetheless, the more precise Wilcoxon test was
used instead of Student’s t-test. However, the Shapiroe
Wilks test showed that the data were not of a normal
distribution (probably due to the limited sample size).
Thus, the Wilcoxon signed-rank test, the alternative to
Student’s t-test for non-normal distributions, which
compares the medians of two related groups to ascertain
whether they are significantly different, was used to
compare ID in the flexed and extended positions.
Results
Of the 90 popliteal veins studied, 39 (43%) completely
occluded and a further 19 (21%) decreased in diameter by
50% when the leg was elevated on the heel elevators. The
peak ID frequency for flexed knees, shown in Fig. 1, is
approximately 7 mm, whereas for extended legs the peak is
at 0 mm. The Wilcoxon test yielded a significant difference
in ID measurement between the flexed and extended
positions as shown in Table 1, with p< 0.0001.
Regression analysis showed that BMI was a significant
factor in the incidence of popliteal vein compression
(defined as diameter reduction 50% or occlusion), and BMI
relative risks (RRs) are shown in Table 2. Patients with a BMI
>25 were 1.33 times more likely to have popliteal vein
compression than those with a BMI <25. The RR increases
with BMI, with those who were obese being 1.67 times more
likely to suffer popliteal vein compression than those with
a BMI <25.
Table 1 Wilcoxon signed-rank tests for popliteal vein ID flexed versus extended for just right legs, just left legs and for all legs
(except those patients with only one leg available for examination).
Wilcoxon signed-rank tests Median ID
when flexed
Median ID
when extended
Median reduction
in ID when extended vs. flexed
p-value
Right legs (nZ 45) 8 mm 3 mm 5 mm <0.0001
Left legs (nZ 45) 7 mm 0.1 mm 6.9 mm <0.0001
Right and left legs excluding
patients with one leg
only available for study (nZ 80)
7.6 mm 2.1 mm 5.5 mm <0.0001
466 D.E. Huber, J.P. HuberThe small number of patients with BMI >30 and >40 was
such that the RRs and the confidence intervals (CIs) in each
group are exactly the same. To allow more accurate
statistical analysis, the population size of the study would
need to increase; however, there is some indication that as
BMI increases in the range of 30e40, the risk of popliteal
vein compression also increases.
There was no significant association between change in
popliteal vein diameter, age, and weight or gender. Height,
however, may have a marginal effect e the 95% CI being
0.00052e0.17 on the right and CIZ 0.01e0.18 on the left e
and this may warrant further investigation.
Discussion
Pressure ulcers are a preventable and costly problem in Aus-
tralia and most other Western countries. The incidence of
postoperative heel pressureulcers ina recentDutch studywas
11.2%.13 Estimates of the cost of pressure ulcers to the
American health-care system are between US$3.6 and US$8.5
billion, which equates to an estimated incremental cost of
pressure ulcers related to hospitalisation of more than
US$12,000 for eachpatientwhodevelops apressureulcer.14,15
To allow adequate perfusion of the heel and prevent
ulcers from developing during surgery, elevation of the heel
is a prerequisite even in healthy patients.4 Therefore, the
heels of all patients undergoing GA should be elevated, and
this is often done by placing a block under the Achilles
tendon causing hyperextension of the knee by allowing the
knee to drop back unsupported. This study shows that knee
hyperextension causes popliteal vein compression. A block
placed under the Achilles tendon also increases the chance
of ulcer development over the tendon, because that area is
particularly vulnerable to delayed wound healing and
wound breakdown.16,17Table 2 Relative risk (RR) of having popliteal vein
compression according to a certain BMI range; 95% confi-
dence intervals (95% CI) are given.
BMI range RR 95% CI
BMI< 25 vs. <25 1.0
BMI< 25 vs. 25 1.55 1.06e2.25
BMI< 30 vs. 30 1.38 1.13e1.70
BMI< 40 vs. 40 1.27 1.09e1.473
BMI 30 vs. <25 1.67 1.17e2.38
BMI 40 vs. <25 1.67 1.17e2.38Leon et al.12 showed that, in the normal population,
approximately 17% of subjects would occlude either one or
both the popliteal veins when the knee is fully extended,
and a further 10% would decrease the ID of the vein by more
than 50%. The Leon study was done with the subject awake
and sitting. The hamstrings in these subjects were short-
ened, preventing full extension or hyperextension of the
knee. In this study, the patients were supine and anaes-
thetised with decreased muscle tone. The hamstring is
relaxed and fully lengthened, allowing the knee to drop
back and hyperextend. This would explain the high inci-
dence of popliteal vein compression in this study when
compared with the study by Leon e the only known study
on the incidence of popliteal vein compression (as opposed
to entrapment) in the normal population.
Leon also looked at the functional venous outflow using
air plethysmography (APG), which measures changes in
volume. It requires equipment which is not commonly
available in hospitals and is relatively time consuming, thus
making it unsuitable for this study. Using APG, Leon showed
that in subjects who had popliteal vein compression (either
diameter reduction of 50% or occlusion) when the knee
was extended, the outflow fraction with the knee flexed
was normal, but when the knee was extended, 30% of
subjects had outflows of <10% (very severe). The remaining
70% had outflow fractions between 10% and 40% (severe to
moderate). Interestingly, if the long saphenous vein was
obstructed, then the outflow fraction fell to <10% (very
severe) in all these subjects. The Leon study demonstrates
that a decrease in the diameter of the popliteal vein of
>50% results in very severe to moderate outflow obstruc-
tion in all subjects. Considering this evidence and the
incidence of popliteal compression, it is noted that 64%
(43% occlusion rate and 21% diameter reduction 50%) of
popliteal veins in patients who are under GA in a supine
position and having the heel elevated will have at least
moderate if not very severe venous outflow obstruction.
This is of concern because it may favour perioperative DVT
formation.
The original design included follow-up to determine the
incidence of perioperative DVT; however, to obtain signifi-
cant results, very large numbers would be required. It was
felt that determining the incidence of popliteal vein
compression was the first step, and if the incidence was
high then a DVT study should follow. Having said that, there
is good evidence of an association between a reduction in
popliteal vein ID and DVT. Popliteal artery aneurysms large
enough to impinge on the popliteal vein may result in the
development of DVT.18 Popliteal reflux with turbulent flow
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correlated with a higher incidence of DVT.19 Popliteal vein
compression syndrome in obese patients is associated with
a high rate of DVT11 and, in the non-obese population,
chronic popliteal vein entrapment caused by abnormal
origin of the medial head of gastrocnemius or thick peri-
venous fascia is associated with symptoms such as swelling
and pain of the lower limb.20 Surgical release, conversely,
results in substantially decreased deep venous obstruction
indicated by the return of measured popliteal vein pressure
to normal, and clinical improvement in ulcer healing, pain
and swelling. Indeed, case reports indicate that popliteal
vein entrapment can present as DVT and chronic venous
insufficiency,21,22 and it is recommended that popliteal vein
entrapment syndrome be taken into consideration in
patients with symptoms of venous insufficiency or DVT.23
If data from the Leon study were to be considered, 58
patients of the 90 (64.4%) experienced venous outflow
obstruction, which is severely to moderately impaired,
when the knee was hyperextended. Therefore, a large
proportion of patients are at risk of preventable popliteal
vein compression, a possible risk factor for DVT in several
other clinical scenarios discussed above. The relationship
between popliteal vein compression during anaesthesia
and DVT requires further investigation, which would
necessitate a treatment group with knee flexion of 5e10
to avoid popliteal vein occlusion, thus allowing
a comparison with existing heel-pad ulcer-prevention
treatment.Appendix 1
Age Sex Height Height
(m)
Weight BMI Procedure
45 F 162 1.62 61 23 Hickman
64 M 178 1.78 79 25 Laparotomy
50 F 165 1.65 116 43 Hysterectomy
77 M 175 1.75 68 22 Aortic aneurysm
67 F 165 1.65 108 40 Hysteroscopy
67 M 178 1.78 92 29 Foot debridement
60 M 155 1.55 53 22 Total knee replacemen
23 M 175 1.75 77 25 ?
61 M 165 1.65 61 22 Cystoscopy
57 M 187 1.87 86 25 Cystoscopy
55 M 175 1.75 82 27 Portacath
50 M 172 1.72 74 25 Portacath
45 F 167 1.67 87 31 Venocuff
27 M 192 1.92 99 27 Venocuff
19 M 180 1.8 85 26 Removal of K-wire
67 F 172 1.72 81 27 Dialysis fistula
16 M 180 1.8 65 20 K-wire
46 M 175 1.75 93 30 Fractured finger
38 M 183 1.83 67 20 Brain tumour
18 M 180 1.8 108 33 Open reduction
internal fixation Rt fooWith respect to the type of patient who is more at risk
of popliteal vein occlusion, the higher the BMI, the higher
the proportion of patients with a significant occlusive
event whilst under GA. The RRs of a diameter reduction of
50% are shown in Table 2. It shows that patients with
a BMI >25 are 1.55 times as likely as those with BMI <25 to
have a significant occlusive event, and the RR increases
directly with BMI. Increasing BMI is a risk factor for peri-
operative DVT.9 Thus, it is either that popliteal vein
compression is the mechanism for this increased risk or
further adds to this already augmented risk. Either way,
preventing popliteal vein compression may represent
a risk-reduction strategy and thus prophylactic measure
against DVT.
This study clearly demonstrates the effects of hyperex-
tension of the knee during anaesthesia, which leads to
popliteal vein compression. Whether this leads to an
increased risk of postoperative DVT is unclear at present
and requires more detailed study.Acknowledgements
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of DVT or
venous disease
Rt. vein
ID
flexed
Rt. vein
ID
extended
Lt. vein
ID
flexed
Lt. vein
ID
extended
nil 9 8.5 11.3 10.6
nil 8.4 0 7.7 3.7
nil 6 3 6.7 5.9
nil 9.1 4.9 9.2 5.7
nil 10.1 6.6 8.6 0
nil 9.8 3.3 11.5 2.7
t nil 10.6 10.1 e e
nil 6.6 2.9 9.1 0
nil 6.2 4.4 6.7 0
nil 8.3 0 9.1 0
nil 11.2 10 9.3 2.1
nil e e 5.3 0
nil 5 4.5 5 0.1
nil 5 2 7 2
nil 9 2.3 9.8 6.3
nil 8 0 8 0
nil 6 3 6.5 0
nil 8.2 2.2 6.1 2.5
nil 9 0 8.2 4.8
t
nil 9 3 6.2 0
(continued )
Age Sex Height
Height
(m) Weight BMI Procedure
Previous history
of DVT or
venous disease
Rt. vein
ID
flexed
Rt. vein
ID
extended
Lt. vein
ID
flexed
Lt. vein
ID
extended
33 M 180 1.8 81 25 Fractured radius nil 5.2 0 6.7 0
61 M 173 1.73 60 20 Cystectomy nil 8.2 6.7 7.4 7.1
19 M 172 1.72 85 29 Fractured fibula nil 9 8 8 0
21 M 180 1.8 96 30 Orthopaedic nil 7 0 7 0
33 F 150 1.5 53 24 ? nil 5.4 4.8 6.3 5.7
17 M 178 1.78 72 23 Shoulder operation nil e e 4 0
68 M 168 1.68 81 29 Hand injury nil 13 0 11.2 0
29 F 170 1.7 66 23 Diathermy nil 6.3 0 4.3 0
20 M 180 1.8 81 25 Fractured clavicle nil 7.8 0 6.1 0
26 F 170 1.7 52 18 D&C nil e e 4.2 4.1
79 M 165 1.65 92 34 Aortic aneurysm nil 6.6 5.3 6.2 0
68 M 167 1.67 113 41 Aortic aneurysm nil 7.1 6.8 6.8 2.9
79 F 155 1.55 107 45 Axillary dissection nil 9 0 11.1 7.3
80 F 160 1.6 55 21 Debrided stump nil 5.2 0 e e
58 M 178 1.78 83 26 ? nil 12.3 11.5 13.1 3
62 M 163 1.63 60 23 Back operation nil 6.1 0 5.9 0
47 M 177 1.77 69 22 Infected toe nil 7.4 6.7 7.4 5.4
25 F 172 1.72 80 27 Gynaecological nil 5.8 0 6.1 0
53 F 164 1.64 82 30 Gynaecological nil 8 6.2 8.1 2.8
75 M 173 1.73 74 25 Perianal fistula nil 14 7.2 12 5.3
65 M 175 1.75 101 33 Lt knee nil 7.5 1 e e
37 M 180 1.8 113 35 Rt leg nil 8.4 0 6.8 0
42 M 193 1.93 118 32 Back operation nil 9.7 5.4 10.9 1.8
74 F 155 1.55 74 31 ? nil 5.5 0 6.5 0
74 F 160 1.6 74 29 Bowel resection nil 9 7.5 10 8
75 F 155 1.55 59 25 Debrided foot nil 4.7 0 4.2 0
80 F 150 1.5 54 24 Below knee amputation nil 7.6 6.2 e e
21 F 165 1.65 103 38 Laparoscopy nil e e 8.3 0
63 F 165 1.65 67 24 Elbow nil 6.2 0 e e
33 F 165 1.65 80 29 D&C nil e e 5.6 4.5
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